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RESULTS OF THE GEMINI PHASE I CENTRIFUGE PROGRAM

(ENGINEERING EVALUATION AND PILOT FAMILIARIZATION)

SUMMARY

The results of this program, conducted at Johnsville, Pennsylvania
during the period of July 1, 1963 through August 2, 1963, indicate that
the present Gemini cockpit displays and controls configuration pertinent
to launch and reentries are satisfactory (with a few minor exceptions).
The Gemini reentry control problem presented no difficulty to the pilot.
The generalized lunar reentry acceleration profiles had no significant
effect on the pilot or on his performance.

INTRODUCT ION

This report presents major results of the Gemini I Centrifuge Program
conducted at the United States Naval Air Development Center's Aviation
Medical Acceleration Laboratory, July 1, 1963 through August 2, 1963.

The generalized Lunar reentry phase of the program utilizing the Gemini
centrifuge fixture is included in Appendix A,

The program was conducted by the Spacecraft Operations Branch per-
sonnel of Flight Crew Support Division, Manned Spacecraft Center, Houston,
with the assistance of personnel of the McDonnell Airecraft Corporation
(MAC) and the Naval Air Development Center, Crew Systems Division pro-
vided suit support and the Center Medical Operations Office provided med-~
ical support for this program.

The centrifuge and associated McDonnell Aircraft Corporation and
NASA equipment simulated the command pilot's position of the Gemini space-
craft (configuration as of July 1, 1963). The controls and displays
necessary for the pilot to perform the required tasks during launch and
reentry were active.

The objectives of the program vere:

1. To perform an engineering evaluation of Gemini spacecraft cock-
pit hardware critical to launch and reentry.

2. Familiarize pilots with typical Gemini launch and reentry accel-
eration profiles and associated tasks.
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Eveluate prototype Gemini pressure suit under acceleration loads.
To study the possible adverse effects on the pilot sustained
high acceleration loads that could conceivably be encountered

during a Lunar Reentry into the earth's atmosphere (see
Appendix A.)

NOTATIONS AND SYMBOLS

maximum spacecraft diameter, ft
gravitational acceleration, ft/sec2
altitude, ft

time rate of change of altitude, ft/sec

moment of inertia about spacecraft X axis, slug - ft2
moment of inertia about spacecraft Y axis, slug - ft2
2

moment of inertia about spacecraft Z axis, slug - ft
Computed acceleration in each axis, ft/sec2

computed total acceleration, ft/sec2

mass of spacecraft, slugs

spacecraft roll rate about spacecraft X axis, rad/sec
spacecraft pitch rate about spacecraft Y axis, rad/sec
spacecraft yaw rate about spacecraft Z axis, rad/sec
time rate of change of p,q,r, rad/sec2

dynamic pressure, 1b/ft2

reference area used in computing aerodynamic forces

and moments, ft2

spacecraft velocity component in X direction, ft/sec




v spacecraft velocity component in Y direction, ft/sec

W spacecraft velocity component in Z direction, ft/sec

VT total velocity component, ft/sec

Xa aerodynamic force in X direction; 1b

Ya aerodynamic force in Y direction, 1b

Za aerodynamic force in Z direction, 1b

% total angle of attack between free stream velocity
and X axis, rad

BT total angle between free stream velocity and 7 axis,
rad

Y flight path angle, rad

il roll angle used in aerodynamics, rad

¢,6,¥ conventional euler angles measured between moving

earth axes and spacecraft axes, rad

display drive angles measured between moving earth
axes and spacecraft axes, rad

o angular rotation of centrifuge arm = rad/sec
APPARATUS AND EQUIPMENT

The referenced reports (references 1 and 2) define the trainer
specifications and operation, equations of motion, task description,
sequence of events and other pertinent material necessary to fully im-
plement the evaluation and familiarization portion of the program.
Figures 1, 2, and 3 are photographs of the trainer installed in the
centrifuge gondola. Several controls and displays were static and
instglled for completeness and realism. The aclive controis and dis-

plays consisted of the following.
Controls
1. Ejection seat "D" ring

2. Abort handle
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Attitude controller

Boost insert switch

Retro switch

Pilot ready switch (installed only for this program)

Attitude control selection switch (RATE CMD and DIRECT CMD
functions)

Command Astronauts Main Panel
All attitude and rate indicator
Event timer
Stage I Engine underpressure light
Stage II Engine underpressure light
Staging light
Stage I tank pressure gages (fuel and oxidizer)
Stage II tank pressure gages (fuel and oxidizer)
Longitudinal Accelerometer

Center Panel and Pedestal

Fairing JETT switch
SEP SPCFT tel-light/switch
0, high rate tel-light/switch
BTRY PWR tel=-light
RCS tel-light/switch
SEP OAMS lines tel-light/switch
SEP ELEC tel-light/switch
SEP ADAPT tel-light/switch

ARM AUTO RETRO tel-light/switch




10. MAN FIRE RETRO switch
11. START COMP tel-light/switch

In order to provide the most realistic simulation possible, small
changes in the sequence of events from those specified in reference 1
were required. Therefore, a revised sequence of events for each complete
case is given in Appendix B. Exceptions are cases 6 and 7 which were
reentries only. It was not possible to mechanize a full six-degree of
freedom simulation due to computer limitations at the Aeronautical
Computer Laboratory at NADC. In order to achieve the desired reliability
and repeatibility, the time rate of change of altitude (1) was programed
for all reentries. Pilot control inputs were closed loop with respect to
flight displays and consequently presented a realistic control task for
spacecraft dynamics. Appendix D contains the equations of motion used to
mechanize the simulation.

PROCEDURES

A total of seven cases were simulated during this program and are
sumarized below. A complete sequence of events for the first five cases
is included in Appendix B.

1. A normal launch acceleration profile with a normal, modulated
1ift reentry.

2. An abort situation occurring below 70,000 ft. (T = 85).

3. An abort situation occurring just prior to staging (T = 145
seconds) with a maximum 1ift reentry.

L. An abort situation occurring just after staging (T = 150) with
a maximum 1ift reentry.

5. An abort situation occurring just prior to insertion (T = 326
with a maximum 1ift reentry.

©. A reentry representing the highest abort reentry acceleration
load (flying a maximum 1ift prolfile) that could occur wilh an
abort along the nominal launch flight path and a velocity of
14,800 FPS. '

T. A maximum 1ift reentry representing the acceleration loads
equal to the design 1limit of the Gemini spacecraft (15 g).
The initial conditions were a velocity of 19,000 FPS and a
flight path angle of 7.6°. The initial velocity condition of



17,000 FPS was chosen because above this velocity the reentry
becomes heat critical rather than 'g' critical. A 7.0° flight
angle was chosen because it required a 5.46° deviation from the
nominal flight path angle (y = 2.19°) to achieve the peak re-
entry acceleration load of 15 g's.

The pilot had the option of utilizing either the rate command or
the direct control modes of operation. The majority of the runs were
made using the direct control mode because the rate command mode repre=-
sented a fairly simple task.

Figures 4 through 12 represent typical recorded data for each case
during the program., Figures 4, 5, 6, 7 and 8 show different normal re-
entries from orbit. ZFach figure represents a different impact point.
Figure 9 is an abort reentry in which the abort was initiated just prior
to staging (T = 145 seconds). Figure 10 is an abort reentry in which
the abort was initiated just prior to insertion (T = 327 seconds).
Figure 11 is the worst case abort reentry that could occur assuming an
abort at 14,800 FPS along the nominal launch flight path. Figure 12
shows the spacecraft design 1imit abort reentry (INITIAL conditions of
V = 19,000 FPS, v = 7.6°).

Tach of tie {ipures shows complete reentries, Generally lauwiches
are not shown because all launch profiles were the same. The recorded
data for each run was:

1. Computed total acceleration, 8

2. Computed acceleration in each axis, ax,ay,az
3. Measured acceleration in each axis, ax,ay,az
t,  Dynamic pressure, 3§

5. Total velocity, VT
v. Altitude, h

7. Angle of attack, a

8, TFuel consumption, percent
2. Roll Rate, p

10. Pitch rate, q

11. Yaw rate, r



12. Spacecraft velocity component in Y direction, v

13. OSpacecraft velocity component in Z direction, w

1k, Aerodynamic roll angle, T

15. Roll director needle position (@ Actual ->¢ Command - p)
16. Stick position in all three axes

17. Control torgue in each axis

18. Spacecraft attitudes
DISCUSSION OF RESULTS

Three pilots participated in the engineering evaluvation portion of
the program. Each pilot wore the latest Gemini prototype pressure suits
and individually contoured seats. Runs were accomplished with the suits
both pressurized and unpressurized. Twelve pilots participated in the
familiarization runs, however, only two pilots participated in cases 0
and 7. Table I gives a complete tabulation of static and dynamic runs
for each participant in the program. This table also gives the run con-
ditions, that is, control mode, suit condition, which were complete runs,
and which were 'reentry only" runs.

Fach pilot was debriefed upon completion of his scheduled series of
runs, Appendix C presents a list of the questions asked each pilot. The
following paragraphs summarize the pilot debriefing comments, with pri-
mary emphasis on comments made by the three engineering evaluation pilots.

Hand controller.-~ As originally designated and installed the Gemini
hand controller required 28 in-1lbs torque for full deflection (£10°) in
the pitch and roll axes and 12.5 in-lbs torque for full deflection (£10°)
in the yaw axis. These torques were reduced approximately 25% in each
axis to 8.5 in-lbs torque for full deflection in the yaw axis, and 21 in-1b
torque in the pitch and roll axes. Greater satisfaction was then expressed
with the design and operation of the controller in all modes of operation
during reentry., Pilot consensus was that the handle grip should be in-
dividually contoured.

Ejection seat and support (pressure suit runs only).- Ceneral dis-
satisfaction was expressed with the backboard contours used during this
program. The "D" Ring was not evaluated since it was undergoing redesign
at the time. Some blocking of the head rest was required to position the
head properly with respect to the back and the panel. Calf supports and




heel stirrups were too small and prevented feet and legs from being re-
strained properly.

Restraint system.- A universal restraint harness was used for this
program; therefore, no valid evaluation of the restraint system was
obtained. However, buckles and latches were spacecraft hardware and
pilot comments concerning these items were than their design and opera-
tion was satisfactory.

Pressure suit.- The latest personal fitted Gemini prototype pressure
suits were used for the engineering evaluation runs. Generally, the
suits were considered satisfactory. Some problems were encountered with
fitting of the suit to the individual pilot under pressurized suit con=-
ditions. In addition, some restraint in mobility was experienced, par-
ticularly mobility of the wrist, under pressurized suit conditions.

Other controls and displays.- All other controls and displays were
adequate and functionally satisfactory under acceleration loads. It was
felt that the abort handle should be made larger. Dissatisfaction was
expressed with the manual retrofire procedure. This procedure required
that the left seat (command) pilot reach over to the sequence panel with
his left hand to initiate retrofire or that the second pilot (right seat)
initiate retrofire. The other and obviously undesirable alternative was
for the command pilot to remove his right hand from the attitude con-
troller to initiate a manual retrofire.

Dissatisfaction was expressed with the scaling of the flight director
needles for reentry control (5 degrees per second full scale in all three
axes). The scaling was increased to 10° per second full scale in all
three axes early in the program, which was found to be more satisfactory
for all reentry cases. The FDI's were not active during launch.

CONCLUDING REMARKS

In conclusion it can be said that the control tasks for the accelera-
tion profile studies presented no difficulty. The scaling of 10° per
second in all axes on the FDI appeared adequate for the reentry control
task. Finally, more design work needs to be accomplished with the pres-
sure suit-seat interface to provide greater pilot comfort and mobility.
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TABLE T.-

RUN TABULATION

ENGINEERING EVALUATION
(PILOTS A,B,C SUITED)

L.C-COMPLETE RUN
2.R-RE-ENTRY RUN
3.TOTALS

r DYNAMIC | STATIC
FNGINEER]QG EVALUATION 38 27
FAMILIARIZATION 88 72

$a, PRESSURIZED SUIT UNPRESSURIZED SUIT
o, DIRECT CMD RATE CMD DIRECT CMD RATE_ CMD
<%, [ OYNAMC | STATIC [DYNAMIC | STATIC | DYNAMIC| STATIC DYNAMIC | . STATIC
C R C R c R C R C R R o R R
I-A AB B _lac@ ¢ c BC(3) BC| ¢
i-B  JlaBc B C|a(2 B C B C
I-C c A C A
I-D A A
|-E A A
2 ABC
3 ABC BB|AC BcCc|iB C B C
4 B |cc c c B8 C B C
5 B c B
TOTAL || I5 3 [ i | 2 (o] (o} 7 9 2 8 |
RUN TABULATION
FAMILIARIZATION
(PILOTS D THROUGH Q IN SHIRT-SLEEVES)
P DIRECT COMMAND RATE COMMAND
¢°o< DYNAMIC STATIC DYNAMIC STATIC
% c R [ R c R c R
_ DFGGHHJ DEFJJL
I-A Fiiwmna| EF GHL | MNOQ K Q K HKQ K K
-8 DER F DERF F
I-C D G G DGG
I-D D D
|-E [OHHUK DEJKL
MMN P ELL HMMN |y NN P JKN K
2
DEFFGGH
3 HIJKKLL| M OFFJGH| g q P P
MNNQ KLMN
4 D E DE
5 DEFF GG
KL HJL |DEFGKP KP
6 MNN MNN M
v M N MNN M N
TOTAL 64 t 31 34 12 | 4 3
NOTES:
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TABLE 1I.

RUN TABULATION
GENERALIZED LUNAR RE-ENTRY

&

L OG

/<o)\<<~4’ | 2 3 4

A DYNAMIC X X X
STATIC X

B |[DYNAMIC + | [+ [+
STATIC + +

C DYNAMIC X + + X
STATIC X + + X

NOTES:

. PILOT "A" MADE RUNS IN PROTOTYPE GEMINI
PRESSURE SUIT IN "SUIT- SOFT CONDITION®

2. X—NO ARM SUPPORT

3. +— ARM SUPPORT

4. PROBLEM |- 8¢g Ist PEAK

5. PROBLEM 2-6¢ ISt PEAK

6. PROBLEM 3-i0g it PEAK, 6.7¢g PLATEAU
7 PROBLEM 4-10g ISt PEAK, 9.5¢g 2"d PEAK
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APPENDIX A

GENERALIZED LUNAR REENTRIES

A brief Generalized Lunar Reentry Program consisting of four lunar
reentry profiles was accomplished utilizing the Gemini fixture.
(Figures 13-17.) The objective of this program was to obtain preliminary
information concerning pilot ability to perform a combination rate damp-
ing and attitude control task while under sustained high acceleration
loads and to obtain pilot comments concerning discomfort, blackouts,
et cetera. A constant back angle to force vector of 8;° was used through-

5

out this program.

The lunar reentry task consisted of a rate damping problem in pitch
and yaw that was time dependent upon 'g' for both oscillation frequency
and amplitude, and a bank angle control task that was independent of
acceleration. The direct control mode was used for this program. The
following describes the control task:

Pitch axis § = CosKlut - K2q + pitch stick input

Yaw axis r

Cosngt - K2r + yaw stick input

Where:

Const

K2 .05

5

w

Const = .8455

[}

Angular velocity of centrifuge arm
Roll axis p = + roll stick input

(Controller response about all axes = 10 deg/sec2 upon 25% deflection of
stick.

Displays:

The initial conditions displayed on the attitude ball were:

A
1

180°
I 0°
180°

nou




4o

The attitude ball displayed oscillations due to pitch, roll, and yaw
rates, plus a constant pitch rate corresponding approximately to the cenw-
tral angle traversed during the reentry. The pitch and yaw flight di-
rector needles displayed pitch and yaw rates with full scale deflection
corresponding to +5 degrees/second. Rates were damped by "flying to"
the needles. The Roll Director Needle displayed mixed rates and attitude
error according to:

@ Actual - ¢ Command - P

Roll command was generated from a triangle function generator at a
frequency of 0.02 cps. @ command varied £80° from the null position
of 180°, TFull scale deflection of the Roll Director Needle corresponded
to a roll error of 20° or 20° per second and was nulled by "flying to
the needle." Four pilots participated in the Generalized Lunar Reentry
Study. One pilot made his series of runs using a Gemini prototype pres-
sure suit. The remaining pilots made their runs under "shirt sleeve"
conditions. A tabulation of runs made is given in Table II. Figures 13
through 16 give a typical run for each problem. Shown are:

Roll Rate

Pitech Rate

Yaw Rate

Roll Attitude

Pitch Attitude

Yaw Attitude

Measured Accelerations ax,ay,az

Computed Acceleration a,

All pilots reported no difficulty in controlling these reentries, nor
did they experience any significant visual problems, pain, or problems of
any kind while undergoing the long duration 'g' loads.



‘yogtd ,0 ‘aek 06+
‘ITox 06+ 3PNITIY

JO3TUOK

3qaTdmoo wexfoxd TToY

GT:00:0

*YINWT ZB FO3IIO0D
ay3 03 3387 (0°9s QT
I073) omm\omm.ﬁ sSTTOX
I93800Q 3U3} G0:00:0 Y

NT wex8oxd TTOY

J09TUOK

urexdoxd
TTOX I21500G 3IB3G

G0:00+0

‘uorqoala 389s s33N313S
-uo0d pur 39nJTIJUSD

aya sdojs uor3o® STUL
-Jura 4, TInd ¢¢:T0*0
01 xotad jJ0q® OfF
‘uotgraado T s3eqg
Juranp TBOTITJID 30U
saanssaxd jyueq [T 39e3g
*ITOI utl omm\oma ‘mef pue
yoqtd ur owm\o: uorq®e
~1ado 88wvqs qsatJ Suranp
$99BJI STQBMOTTE® UMUITXBY

NO AUSTT Ieqndwod 3Ie3g
fpsjaeqs JoWry {JJO-4JTT

skeTds1q
SN IO3TUOK

$71818
ISWT] JUSAS {JJO-3JTT

00:00:0

*98BILOSP 0 3IBIS
saanssagd JISZTPIXO

pus Teng I 99839

UOTHTUB[ WITJUOD

IO TUOK

JAJ0 USTT sutdus I ao7e}g

€000~

‘qogtd [0

‘mef 06 + ‘TTOI G'60T
{I09BOTPUT SPNITHIY
‘140 $3YSBIT °oouanbas
pue Sururem JIsylo TTV

‘c

‘T

IO TUOK

NO s343TT
sur8us I pue I 33ejqg

0T:00:0"

sYIBWOY

SUOT 180T UNUMIO)

s2MpPad0Id

JuSAg

~

sur g,

JUINAHY QNYV HONAVT TVIWION

T °ON dSVD

WYHD0Hd HONAT SLNHD INIWED

¢ HONOMHI T SASVO ¥0od SLNHAZ J0 IONENLIS

g XIANIddV




21

‘yo3td 0 ‘meL T¢+
‘TTox 06+ :3PN3T3IY
*qaeqs gadoad

103 ersd of qsesT

1e 9q qsnuw sanssaxd

jquel Tang 88®lg pug

‘c

UOT4TUST aurdus JI0J
09 ‘sssad s8Big pug
¢ssoad Tsng s8e1g 3sT

qaoday

0
2

"qo3td 0 ‘MBL e+
‘ITox 06+ 9pnaTlay

g

*I99%€T *09s Qg uorqgrsod
w1JeIosoedg sjeiedsg,
03 usyg pue uorarsod
,UMopINUg JI93s00g,, 03
aTPUBY 2JI04B 91BNV
(G0ig~2¢+:T) 3I0q® Of
‘yogtd 0 ‘meL o+
‘TTox 06+ :9PN3T33Y

‘T

WIT JUO)

JFuta

:Q: Bom.m
pue £393%g

afuByo spow JI0qY

et

‘yo3trd ,0 ‘meh |, gh+
‘TTOI 06+ :3PN3T3Y

T

® Xe'euw WITJUO)

JZOQTUOR

P unwixew Jurssed

GT:TO:0

yoqtd o ‘meL 66+
‘TTOX 06+ :9PN3TRY
*TBOTQTIJIO 40U ST
sunssoaad juej JISZIPIXO
I 98e3g 9yl Spuooss
£9317 sutd I, I93Jv

‘T

raanssaxd Teng 88wlg ST

00:TO+0

‘yo3td 0 ‘mBL 4o+
‘TTOX 06+ 9PN3TI3Y

T

*aanssagd IZTPIXO
pue TanJ s3e1g ST

0£:00:0

JOQTUOK

usxZoad mel 11818

0c:00:0

SyIBWSY

SUOT 180T UNUMO,)

S3.mMpao0.ag

quaAg

Sur L

psnutquoy = T *ON ISVD




52

‘yoard 0 ‘mef 2T+
‘TIOX 06+ :3PN3TRIY

T

amssatg Tang

0¢:¢

(d) oss/,02 (Ib) 035/ ,0T
$57BI ITQBMOTTE WNWIXey
‘qogtd 0 ‘mef o+
‘TIOX ,0) + :9PN3TAIY

pauosTaysl sButareg

WUOFTNS
surateg 3330,
ssaadsqg

Burared UOSTIISL

*L1qusasa

TBWIOU YJIM Pa520.IJ
‘3snayly pJaes

~-JI0J °088 QT J0J SsTpue(y
JoAnsueu a38enqoy ‘aoq8T
‘038 Oc FUSTT ,3JBID
~-s0edg g4g, sssxdsqg
‘uotqrsod

LUMopInyg 1998004, 03
aTpuBy 1J0QE 33ENOY

‘e

‘T

:(€C16-C01¢) 3a0qE Of

‘yo3rd 0 ‘ML 9T+
‘ITOX 06+ :3PNITIIY

‘T

aunsgaad Tong - a3usyo
spoul 1JI0Q® WITJUO)H

aTpuBy
I2ANaUBW MOJSUN

adueyo spou 3.I0qy

G0¢

‘yoztrd 0 ‘mef 2o+
‘TT01 ,06+ :3DPN3TIIY
TeoT4II0 qo0u ST aanssaxd
JI2ZTPIX0 ayq uorysaado
II 98e3g Burang

*(0€:2) 440

WIBTT € °*ON sutrduy
*(L:0ogicg) 400 f(0¢:2)

NO 3USIT Surdesg

‘S

‘T

MO sssadg .No pue

Tong fuorjTulr °38B3g
puooag pue Surde;g

J0TUOK

fursesg

0%:¢

syIewsy

SUOT 48O T UNUIO))

SaInpao0dd

quang

sury

psnutquo) - T ‘ON ASYD




53

- UY94TAg 0133y

‘098 2gg 07 8,8 ¢*T ‘T aJatg, sseaadsg ST JOIL9Y G*'T 0
‘NO HU3TT
-T8%3 0J38Y oy wry ‘g
*NO
ITT-To3 Io9depy Jus ‘¢
NO
JUBTT~To% JdS 3°9TH ‘2
*sousnbas ‘NO FUSIT~T=2
ur s3yStT sssadsq JdHS S9UTT GWVO ‘T 0% :00-
. ST1-T8 .
‘L IUBTT-TSL O 34 .ﬂzw wswwm "
Tonog A1s33%d, -T29 Jamod zpmppmm ‘¢
*PaIINDD0 1daoxa qUsAD _
sey uorjoung Iadoad yoes 93BIJTUT NO USTTI-T®3 0 DES °Z
usSUM NEAHD 03 UgdWV 03 @dusnbss ur *NO YSTT
woIy uany sqUITT T SUSTT ssaadsq T -T9% SpnlTql®e Od39y T 00:G=I],
‘qo3rd 9T~
‘110X 0 ‘mef [0gT 03 PIMOJE pauIny aq 3snuw J/g dY3 PuB $93NUTW
0¢:Go=LL 031 949Sed oq PINOYS JSULF JUSAD 9dusnbas oajad 03 JOTIJ
.06 3IST 1T '¢C
*JUSTT
.0 TTox ¢, 0 mek usax8 4 3IBIo90Bdg
o0~ UoaTd  :9pn3rlgy Teurd WIIT aJeLosoedg J49 dqg,, ssexdsg T 1Jetosords a3vaedag 26
yoytrd o ‘mef 6= NO 3USTIT 2 "o
‘TTOX 06+ :3PN3T34Y  °T 00dS SUTIUY JIOFTUOK 0033 o} ¢¢ig
‘yogtd 0 ‘mek [C*9
‘TTOoX 06+ :9pPn3T1ay T sanssagg Tong ¢ 00+ K
SHIBUWSY SUOT 3BOT UNWWO) S NP320JJ JUSAH Nd wE._”.H_

panuUTIUC) = T °Ol ESVD




L

*A1qussx
3ITT pejeInpou 107

Toxquoo dooT pPasoT) ‘T qJe1osords UOT4TISOg AIqusal q1e18 IO
*1aqdepe oqramdas

03 3YTTT ssaadsqg NO 3USTI-T33 oI33y 333[ G O0+AL

SYJIBWSY SUOT1BOT UNUMO) 8§30 Pad0II QUSAY “ i

papntouc) = T °‘ON HSYD




55

'yoatd 0 ‘mefl 06+
fTITOX 06+ 3PNITIRY

JOQTUOK

pareTdwoy uexsoxd TTOW

GT:00:0

‘yqnurze Jodoxd sasTyo®
01 spuodas QT J0F 3J3T
098/ ,G6°T ST @38y TT0Y

‘T

wBxIFoII TTOY WITIUO)

JOQTUOR

sutdag
wexgorg TTOY 1898009

G0:00:0

*UOT109(d 983s $89N3TLS
-0 pu® agNJITIFUSD

ayq sdogs uorilo®B SIUY
-3uta ,q, TInd °¢€:T0:0
09 J0TJd jJ0g® Of
‘uorqysaado I 33839
gurJanp TROTIQT.ID 10U
saoanssaad yuey IT 93BlQ
*TTOX Ut owm\omﬂ ‘mBL pue
yoqtd ur owm\o: uorq®e
-a1sdo 33®vqs 9SATI Juranp
g89®I 9T(BMOTTE UMUTXEY

‘NO HUBTT Ioqndwod 3aelg
‘PajABYS JISULY {JIO~3ITI

sfetdstq
ST IOFTUCH

910818
JSUWTY JUSAS {FFO=3ITT

00:00:0

*58B9JI03p 073 IB1S
gaanssaad JI92TPIXO
pue TanJ I o3eqg

T

UOT4TUIL

JOYTUON

440
UITT aurdus 1 a3eqg

€0:00:0~

‘yo3td 0

mek 06+ ‘TTOI G 60T+
J03BOTPUT SPNJTRIY
‘L0 SYITT 2ousanbes
pue Suruxem JIsYylo TIV

‘C

JO3TUOH

NO S3USTT
surdus TI PUB T 23B3G

Q0T:00:0"

syIBWSY

SUOT 1'BOT UNUMOY

SaINpadoxd

QUSAT

surg,

(GC+1) TINTIVA JMNVL TI0L

¢ °‘ON HSVD




*Juta ,,(q, JO uorjzenide

£qo7eS

uodn $3q®BUTULIS) UnYy °2 TBINONJI}S WNWIuTw
‘ourry} STY3 d0J 3TWIT 03 UsTT®J
£gq qaoqe prnoys 30TTd ‘T 1JI0qQy Sdumouuy 3JI0qY aanssaaxd Teny 1 a8e3g 69T 6£:00:0
*UOT JouUnJ B
aTqrssod JO UOT3BOIPUT doxp 07 suifsq
3SITF 9Yy3 ST styL T aanssaad Tang I 8%eyg GGt 62:00:0
JIO03TUCK surgaq wexdoxd mex G°'T 02:00:0
SHIBUWSY SUOT 4BOT UNWWOY) $2INPSI0IJ QUSAY ‘e aur T, ;

pspnTouc)y = ¢ 0N dSVD




57

IO} TUOK

wexgoxd mef jaeqg

0c:00¢0

‘yoqtd 0 ‘meh 06+
‘IT0X 06+ t9pngTI9y

JOQTUOK

919Tdwoo wreaBoad TToOY

GT:00%0

“Yynur ze

Jadoxd sastyo® 0%
SpuUoOO9s usq} JI0F 1J3T
098/ ,C6°T ST 838X TTOY

‘T

NI uexBoxd TToOY

JO}TUOK

wexgoxd
TTOL 189€00q 31835

G0:00:0

uoT399o 189S §99Nn3T9S
-U0D pPuUB 9INITJILUSD
syq sdozs uoTq0®B STY]
Sura ,q, TInd  *€¢:T10%0
03 xotad qaogq® Of
‘uorqessdo 1 a8elg
Buranp TeBOTATIO q0Uu
samssaxd juey IT 29839
*TTOX zﬁvoom\omﬂ

‘nef pue yoqrd ur
owm\o: uotrqeIado s3e)s
1sITJ Butanp sa3el
STqeMOTT® UMWT Xy

T

*NO HSBTT ao3ndwo)y 9aB3g
‘PO3JIB}S JSWTY {FJO-3FTT

sfeTdstq
SN XO3TUOR

S31JaB3S
ISWIY JUSAD §JJO=4JT7]

00:00:0

*9SB3IDOP 07 2I8BLS
saanssaxd JI922IPIX0
pue TonJ T a%eag

‘T

UoTTUST

JOQTUOR

AI0 FUSTT surdus T a8esg

£0:00%0~

‘ya3td 0

mel o6+ ‘TTOX G601
J03BOIPUT SPNITIGY
110

sqU3TT sousnbas pus
Juruxem Isyzo TIY

JOQTUOK

NO S3uDtT
sutdus T pue T 83e3g

0T:00:0"

Sy JIBWSY

SUOT3BOT UNUWOY)

S2JNPad0IJ

JUSAT

ST L

(GHT+L) ONIOVIS OL HOLHd IHody

¢ "ON HSVD




*frqueax 1JTIT xew ® ATJ 03 oxedsad pue «omﬂ yoatd
¢,08T Jo nef pue TTOX O3 O\m ayq uorarsod TTTA 30TTd syz uorjesedss I93Jy

*aqeaedss

*Jut I39800q 03
=-3eqs axoJaq surdus AToqBTpsuml UaYj} 0
g °ou JO uorqIudr fumopanys J93500q J1d0 usy2
#9T0U 3yg3 ur =atyg, ‘T ‘3I0qE JO uLIOJur 03 STpusy 304y U3IT 2 ‘ou surduyg e G2ie0+0
‘yogtrd 0 ‘mef T¢+
‘ITOX 06+ :9PNIT39Y  °C
*YISd 0¢ 94S®aT 3B “uoT4TuUdr Surdus JI0J
2q pInoys samssaxd 0o aansssad Tang
TsnJ a8e3}s puooss 28®as pug faanssaad
‘gurdeqs o4 JI0Tag ‘T Tong a%8e3s 3satd qxoday 9°¢ 00:20:0
‘u23td 0 ‘MBL  ne+
‘IT0x 06+ :9PN3T33V ‘T f°¢ 9¢:T00
‘yoqrd 0 ‘meL Of+ sgueyo ‘Buta ,q,
‘ITT0X 06+ :9PN3T33Y ‘T SpoW 3I0QE® WITJUOCH mogs pue £3sJBg a8ueyd spouw 3.I0QqY ¢*e 2¢:iT0%0
‘yo3td 0 ‘med g+ B3Iy 090d
‘ITOX 06+ :9PN3T33Y T b X' WAL Juo) JI03TUOK b umwrxew Fursseq T2 GT1:10%0
‘yozrd 0 ‘mel 6G+
‘ITOX 06+ :9PN3TIAY  °C
‘TROTATID 10U ST
sanssaxd jury JISZIPIXO
I 98ejg ay3 Spuooss ‘aangsaad
£3313 sutd I, 1933y ‘T Tong 88®e3g 3ST 61 00:10:0
yojrd 0 ‘mBL {9+ raanssatd I9ZTPIXO
‘ITOx 06+ 3PN3T3AY T pue Tong s8e3g 3sT 9T 0%£:00:0
SYIewsyy SUOT2BOT MUMIO) £5.MPad0IJ TUSAT ‘g SWTT,

papnTouc) - ¢ ‘ON ASVD




59

‘qoard 0 ‘mef 4o+
‘ITTOX 06+ :8pPN3TIIY

‘T

*aanssagd IsZTpIXo
puB Tang 83v1g 3ST

91

0¢:00:0

JOQTUOK

uexgoxd med qaelg

G'T

0c:00+0

‘yo3td 0 ‘mel 06+
‘TTOX 06+ :9PNITIYY

JOQTUOK

2qeTdwos urexdoxd TTOY

GT:00:0

‘YANWT 28 109LIO0D
sy3 03 333T (99s 0T
I07) omm\omm.H STTOX
I99500q 9U3 G030 3V

NT wexSoxd TToY

JOYTUON

urexgoad
TTOX J199S00Qq 3I81Q

G0:00:0

*uoTq09(s 9BSSs §99N3TAS
~Uuod pur aTNJTJIFUSD
ayq sdoqs uorqo®B SIYULG
-8utx ,q, TInd °*¢¢:T0%0
oq Jotad qxoqe oOf,
-uorgeIado T 93BG
Futanp TBOIJIIO 3oU
saanssaad yuey [T 28e39
ITOI url owm\oma ‘mel pue
yogrd ut oom\o: uotae
~1sdo a8®3s 3satJ Sur.amp
s9qBJI STUEMOTTR UMUT XE)

‘T

NO SAUSTT Jo9andwod 41839
po3IB)S JSWIq (JJO=9JTT

sReTdstqg
SN XOFTUOW

$1I83S
JISWTY JUSAS £JFO=4JTT

00:00+0

*9983.JI03p 09 3aB3S
saanssaxd I2ZTPIXO
pue TanJ I =3e3g

T

UOT4TUSL WATJUOD

X0} TUOK

440
qU3TT 2urldus T 3%3elg

€0:00:0"

‘qo3rd 0

‘mel 06+ ‘TTOX ,G°60T
J038OTPUT SPNITIFY
‘410

SqQUITT sousnbss puw
Sutuxes IsY30 TTV

‘T

IO TUOK

NO S3usTI
suTdus TI pue I 53B1Q

0T:00:0"

SYIBWSY

SUOTQBOT UNUMIOY

£3JNP300IJ

quaAY

aur,

(OCT+L) ODNIOVLIS HAIJAY ISAL LHOEV

1 ON ESVD




,0T- uoatd ‘ 0gT med ¢ 0QT TToX

*Arquasa 3JTT Xew © ATJ 03 aaedsad pue

HoL o\m uorgtsod TTTa q0TId oyq uotqesedss sanyv

(L°og:2) 4d0 f(0¢:2)
NO 2USTT Surdesg

1I0Q%® ULITJUOH

aqeaedas I133S500q
03 9TpUBY 310qY

<

*93TUBT 03 sTTBd
‘ou aurduy -Burdeag

vt

0%+20:0

‘yoytd 0 ‘mef [T¢+
‘ITox 06+ :oPN3TI3Y
*qaa81s Jad

-oad xoy ®ersd ¢ gsesT
q® aq gsnu aanssaad

Yuey Tang a8e3s pug

‘T

uoT94IUST Surdus JI0J
0on °ssaad a8wqs pug
aanssaad Tang 98838 3ST

ax0dsy

9°¢

00:20+0

yo3rd 0 ‘mef e+
‘TT0X 06+ :9PN3ITIFY

T

n°¢

96100

*139BT °*03s Qg uorsrsod
w3Jerososdg 9gwaedsg,,
04 usyq pur uorqgrsod
LUMOPINYS J199500¢,, 0%
aTpusy 1I0QEB 31BNy
:(C03¢-2¢:T) 3I0qE

o, ‘uoqrd o ‘aef Oon+
‘ITOX 06+ :3DPN3TIY

WIT JUOD

"SuTI |,
Mmols pue £333Bg

adueyo spou 3I0qyY

c¢i1040

yoyrd 0 ‘mBL gn+
‘TTOX 06+ 19PN3TI3Y

b XE WwiTIuo)

J0TUOK

B3Iy 0D0d
P umwrxew Jurssed

GT:T0*0

‘yoytd 0 ‘meL 6G+
‘ITOX 06+ :9PN3TAIY
TBOT3TJID 30U ST
aanssaxd YUy JI9ZTPIXO
I S8e3g Syz spuooas

£2313 snd | 1, I933V

‘T

saanssaad Tang s8e3g 3ST

6°T

00:T0:0

SHIBeWaY

SUOT2BOT UNUILOY)

$8JNPad0IJ

JuaA"

o

SWLF

pepnToud) = # ‘ON ISVD




61

‘yojrd 0 ‘mef 06+
‘ITOX ,06+ :9DPn3T33V

JOYTUOK

o35 Tdmoo urexHoad TTOY

T

GT:00:0

‘YINWIZEB FOSJII0D
3Yy3 03 33I9T (99s usy
I07) owm\omm.H STTOX

1998009 8U%} GO:0 3V

‘T

NT wexSoxd TToY

JOQTUOK

usxgoxd
TTOI I93500q 31839

G0*00+0

‘UOT209(3 9858 $99N3TAS
=U0D puUB 9INIJTJIQUSD
ayq sdogs uorq0B SIYULY
-Juta g, Thd  “¢$°TO:0
0q xotad jaIo0q® OF
‘uotrqexado T a3w3g
SutJanp TBOTATJIO 30U
gsoangsoaad yuey [T 289e3g
*TTOI ut owm\omH

‘mef pue yoatd ur
owm\o: uotqeiado a8e1s
18ITJ Juranp £39BI
9TQBMOTTE UNWIXER

‘c

NO 3USTT xeqndumo)
11818 {p93JaBls
ISWLY fFFO~3ITT

sfeTdsTqg
SN IOFTUOH

891878
JISWL] QUSAS IJO-3FTT

00:00:0

*99BaI0SP 03 3IB3S
gaangsaad JI9ZTPIXO
pue TangJ I S3e3g

UOT4TUSL WITJUO)

JOJTUOW

440
qU3TT asurlus I a9e3g

€0:00:0~

‘yortd o

‘mel 06+ ‘TTOX ,G°60T
J03BOTPUT SPNYTIRY

* 440

squ3TT sousnbss pue
Sutuxes JI9yq0 TTIV

°c

‘T

JOQTUOR

NO S3USTT
sur8us I puB I 53ev3g

OT:00:0~

SIBWSY

SUOT{BOT UNUC)

s8I POd0II

QUSAT

ST T,

(02¢+1) NOIIMESNI OL ¥OI¥d L¥ody

G ‘ON ESYD




N

‘qo3rd 0 ‘mef T+
‘TTOox 06+ :9PNITIIY
‘qx8q8 xadoad

03 etsd of 9s®sT

e aq ajsnu sanssaxd
syue} Teng a8elg pue

‘c

uorqrudr Surdus
xo03 oo ‘sssad
ageqs pueg fssaad
Tong a3e3g 43St

axoday

9°¢

00:c0+:0

‘yoyrd 0 ‘mef qo+
‘ITOX 06+ :9Pn3TIY

T

9G:T00

*199BT ‘098 Qg uorqrsod
w3JBI0908dg 29818

-dag,, 03 usY3 puB UOTIT
~sod ,umopanyg JI93500g,,
07 STpuUBYy 3JI00E 938BNILDY
(Qoig=2¢ 1) 3u0q8

o ‘uo3td ,0 ‘MBL O+
‘TIOI 06+ :93PN3T33Y

T

-wg._u 1 :Q:
WITJUO)H Moas pur £3378G

s8usyo apowm 3I0qQY

c¢ 100

‘yoard 0 ‘meh gh+
‘ITOoX 06+ 9PN3TIIV

‘T

D XBW UWILJUOD JOQTUOK

©3IY 0D0d
B umwrxew Jursssd

T°c

GT1:T0:0

‘yoatd 0 ‘mef 6G+
‘IToX 06+ :9PN3TIIY
*TB5T43TJID 30U ST
sanssoad yusy JISZTPIXO
I 93e3g 931 SPUODSS

Lay13 entd I, I93IV

‘c

*aanssaad
Tsng a3e3g 3sT

6°T

00:T0*:0

‘qogrd 0 ‘MBL HE+
‘110X 06+ 9PNITAIY

*amssaxd I8ZTPIX0
pue TanJy adeig 9sT

0
—

0£:00:0

JO1TUCK

urexdoxd mef 3I183Q

02:00:0

SYIBWAY

SUOT 3BOT UNUMO) S3IMPadoIJ

ST

aurry, |

panutquo)y - G °ON ISYD




63

‘y231d ,0 ‘MeL T+
‘TTOX 06+ :9PN3T3IY

‘T

sanssatd Tong

0%:¢0:0

(d) owm\oom

(xb) omm\OOH s398I
5TQEMOTT® WNUTXE)
‘qogtd 0 ‘mel o2+
‘TTOX 06+ :3PNITIIY

pouostyial sSutareg

LUDITMG BUTJTR]
199p, ssaxdsg

SuTare] UOSIY}aL

GT:¢0:0

*Lxqussa

TBWLIOU Y3TM PI300IJ
*4SNIYY pIBM

~I0J °*09S QT JI0J STpu=y
JISANSUBW 99BNy  *JI99BT
‘038 02 IITT 2JBIO
-2oedg J4g, sssadsq
‘uorqrsod

LUMopanyg JIegsoog, 09
aTpuey 3I0GE 9980930V
1(ggig=Coi¢) 3I0qR Of
‘yogrd 0 ‘meL Ci+
‘ITox 06+ $9PN3T33Y

raanssasad Tsng - afusyo
Spouw 1I0q® WITJUO)

sTpuey
JoANUBU 30w+ m.Q.D

23uryo spouw 3109y

9'1T

GO*€0:0

‘yoyrd 0 ‘aef 2ot
‘ITOX 06+ :9PN3T3IY
*TedoT

~qTJID q0u ST aanssaad
JISZTPIXO aya uorqeiado
II °%ej3g Jul.amg

(o¢:2) JLI0

JYSIT ¢ °ON Sursuy
(Lrog:2) dd40 f(0¢:c)
NO SBTT Surdesg

‘c

‘T

3o ‘ssaad No pue
Tong fuorqIuBr 2983Q
puooag pue Jurdeqg

J09TUOK

Sutdesg

0%:20°0

syIeway

SUOTQBOT UNUMIOY)

Sa3JNpPadoLd

TUBAY

—

psnutjuon - ¢ °ON HSVD



W)

T °ou wsTqoxd 3sf

*gaampaooad 103
‘umoTy oq TTTM aT1Joxd 3JTIT

xem q8yy 3dooxs sanpsooxd AIqUSSI TBULIOU MOTTOJ

* 19187
Spuovas Qg Sm\psmﬁanawp

ow\mww ayq Burssaadep
usayy uorjrsod umopinys

*I99BT 23S OZ MS
/AUSTT-T9% 0/ IS

I23S00q 9y3 03 STpusy ay3 sssadsp uayj, 0 03
jI0q® 2U3 SUurlBATIOR ‘umopanys 193800g NO USTT usyl
Aq po3®TATUT ST 3JI0QY *3.10Q®8 WITJUO)H 03 STpuBy 3.10QqY T °oON sutdum ‘T 9C°9 9234040
‘yoatrd ,0 ‘mBL GO+
‘TToX 06+ 3Pn3Ti3v ‘T aanssadd Tanyg ¢°c 00:10:0
syIBWaY SUOT4BOT UNUMOY) sampaootd QUSAY £ SWT ],

papnTouc) - ¢ °‘ON ASVD




APPENDIX C

GEMINI CENTR JFUGE PROGRAM - PHASE I

ORAL DEBRIFFING QUESTIONNAIRE

Pilot Date Time

Run Number(s)

Run Conditions

Hand Controller

1. Is the hand controller positioned properly for the reentry task?
If the answer is no, comment.

2. Is the hand controller properly shaped? If the answer is no,
comment,

3. Comment on the "feel" of controller operation. Include in
your comments the following items:

a. DBreakout force during static operating conditions.
b. Breakout force during dynamic operating conditions.

c. Controller force gradient (i.e. pounds of force per degree
controller deflection).

d. Controller "dead band" in rate command and direct command
control modes.

4k, a., Did the controller tend to bind or hang up? When?
Suggestions and comments.

b. Did you accidentally cross-couple control inputs? When?
Suggestions or comments,

5, Comment on the controller operation during reentry acceleration.
Was there a tendency for the controller to fail to center during
the dynamic runs?
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6.

1.

Ejection

Comment on any additional controller problems encountered under
"Hard Suit" operating conditions.

Any additional comments or problem with the hand controller.

Seat and Support

Evaluate the general comfort of the seat during dynamic runs.
Static runs? Any particular points of discomfort? Where?

Did you experience any cramps? Where?
Did a leg or axm go to sleep on you? Which one?

Is the "D" ring operation satisfactory? Are stowing and safety
procedures satisfactory? Any problems? Suggestions.

How do you rate comfort as a function of time? TInh hard suit
condition? Soft suit condition?

Any suggested changes in the egress kit, pelvic, or backboard
contour? What?

Restraint System

Did the straps afford ample restraint? If no, where? Suggestions,
Did you try to loosen or tighten straps yourself? Any problems?
Did you notice any head movement during dynamic runs? Comment.

Did any of the straps bind or cause discomfort? If yes, which
ones? Comments,

Suit

no

Did the suit produce any discomfort under static conditions?
Dynamic conditions? Pressurized under dynamic conditions?
If so, what and where? Any other comments or suggestions?

Any difficulty in maneuvering during periods of pressurized
suit operations? Unpressurized suit operations?




Control

()Y

—J

Displays and Tasks

Comment on the readability and proper location of pertinent
displays during launch and reentry acceleration loads., Any
problems? If so, explain.

Comment on the location of all malfunction detection system
displays pertinent to the launch phase. Any suggestions?

Comment on the following:

a. Abort handle location and operation.

b, Secondary guidance switch location and operation.
¢. Maneuver handle location and operation.

Comment on launch procedures and retro-grade and reentry
sequences and procedures. Any problems? Any suggestions?

Comment on tasks. Are these realistic? Any problem areas?
Suggestions for improvements?

Any comments or suggestions not covered by any of the above questions.
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APPENDIX D

GEMINI REENTRY EQUATIONS

u=VTcosa.T

Ya Ve
\'f=pw-ru+a—+cosesin¢ g - g

Zg VP
v‘¢=qu-pv+a—+cosecos¢ g - w1

va + W2

sin =
S Vo
cos BT = .\l}l’.l.
T
tan T =%

G.I.+fCOSBT-gSiHT

Control Torque

&

+ gfxg (0.121 Cy sin n)

(1)

(2)

(3)

()

(5)

(6)

(8)

(9)

(9a)

(10)

(11)




;Z ;X 2

- - ¢ g

q = )pr+.(l.s<cc cosn+_@%}__
TY IY T z

- 0,121 C, - 0.588 CN cos Tl> + Cont;ol Torgue

’ T
_.(:[X_-__Iﬁpq_@(c(: sinn_cnrczr
e L m 2V,
+ 0.588 CN sin n> + Control Torque
e
Euler Angles
¢ =p + ? sin 6
§ =qcos § -r sin ¢
\;,Arcos¢+qsin¢
B cos @
Gyro Angles

$,=p=-6siny

_gcos § -rsing

G cos Y

.
]

G qQ sin @+ r cos ¢
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(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)




